The objective of this study was to determine the effects of L-aspartate, fumarate, L-malate, and an Aspergilus oryzae fermentation extract (Amaferm) on growth on lactate as well as lactate uptake by Selenomonas ruminantium HD4. Growth of S. ruminantium in medium that contained 2 g of DL-lactate per liter was stimulated approximately twofold by 10 mM L-aspartate, fumarate, or L-malate after 24 h. Both L-aspartate and fumarate increased lactate uptake over 4-fold, while L-malate stimulated uptake over 10-fold. Amaferm enhanced lactate uptake at all concentrations tested (0.5 to 50 g/liter), and the 10-g/liter level increased uptake over 12-fold. A filter-sterilized Amaferm filtrate increased lactate uptake over sevenfold, and growth on lactate was stimulated over twofold by either 2 or 5% (vol/vol) Amaferm ifitrate. The Amaferm filtrate also increased the production of acetate, propionate, total volatile fatty acids, and YLACTATE from lactate-grown cells. Since the increase in propionate production was greater relative to acetate, a decrease in the acetate:propionate ratio was observed. The concentration of L-malate in the Amaferm filtrate was 1.45 mM, and it appeared that the L-malate content of Amaferm played a role in the stimulation of growth on lactate as well as lactate uptake by S. ruminantium treated with Amaferm.
Consumer concern regarding the use of antibiotics and other growth stimulants in the animal feed industry has grown in recent years. Therefore, the interest of livestock producers in evaluating the effects of probiotics on ruminant performance has increased. Fuller (6) defines a probiotic as "a live microbial feed supplement which beneficially affects the host animal by improving its intestinal microbial balance." Probiotics added to ruminant diets generally consist of Aspergillus oryzae or Saccharomyces cerevisiae cultures or both. Some reports have shown little effect of probiotic supplementation on ruminal pH, ammonia, volatile fatty acids, and fiber digestion (1, 10) , while other researchers have observed increased rumen fermentation and fiber digestion (14, 15, 17, 26) .
Recent research demonstrated that an A. oryzae fermentation extract (Amaferm) eliminated the transient fall in pH after the addition of substrate to mixed ruminal microorganisms that were cultured by using the rumen simulation technique (5) . Since a decline in rumen fluid pH tends to be associated with an increased concentration of lactate (9, 24) , these results suggested that Amaferm may be affecting lactate metabolism by ruminal microorganisms. One possibility may be that Amaferm enhances lactate utilization by ruminal bacteria capable of fermenting lactate.
Selenomonas ruminantium is a common gram-negative ruminal bacterium that can account for 22 to 51% of the total viable bacterial counts in the rumen (4 
MATERIALS AND METHODS
Organism and growth conditions. The HD4 strain of S. ruminantium was used (3), and basal medium was prepared anaerobically as previously described (16, 17 Cells were washed once with 02-free 100 mM sodiumpotassium phosphate buffer plus 5 mM MgCl2 (pH 7.2) and suspended in 10 ml of buffer. Duplicate cell suspensions were prepared from two separate batch culture incubations. The reaction mixture (1.0 ml) contained 100 mM sodiumpotassium phosphate buffer, 5 mM MgCl2, 10 mM aspartate, fumarate, or malate, and 100 Rl of whole cells (63.6 ,ug of cell protein per ml). To evaluate the effects of Amaferm on lactate uptake, weighed amounts of the insoluble product (0.5 to 50 g/liter) or 10 to 100 RI of the filter-sterilized filtrate per ml (see above) was incorporated into the reaction mixture. The reaction was started by the addition of 1 mM sodium lactate that contained 0.2 ,uCi of L-[U-14C]lactate. After incubation at 39°C for 45 min, the reaction was stopped by placing the reaction tubes in an ice bath and adding 5 ml of ice-cold buffer. Approximately 5 min after adding the ice-cold buffer, the cells were collected by filtration through a membrane filter (pore size, 0.45 ,um) (Millipore Corp., Bedford, Mass.) and rinsed with 5 ml of buffer. Filters were air dried and counted in a scintillation counter. Under these conditions, the rate of lactate uptake was linear (r = 0.99) between 5 and 45 min and no leakage of lactate from the cells was observed. Uptake is defined as the amount of radiolabeled lactate that was retained within the cell. All incubations and assays were performed anaerobically and in duplicate, and variation is indicated by standard deviation.
Analyses. To determine the fermentation acids and cell yields on lactate medium, cells were removed from the medium by centrifugation (10,000 x g, 4°C, 15 min). The cell pellet was washed, recentrifuged, and suspended in deionized H20 (20) , and the dry weight of the washed cell suspension was determined after drying on aluminum pans at 105°C (21) . The cell-free supernatants were stored at -200C before analysis. Lactate was analyzed by the method of Hohorst (8) , while volatile fatty acids were measured by gas-liquid chromatography by using a Varian model 3400 gas chromatograph as previously described (14) . The concentration of L-malic acid in the Amaferm filtrate was measured by using an L-malic acid test kit (catalog no. 139 068; Boehringer Mannheim Biochemicals, Indianapolis, Ind. Since growth on lactate by S. ruminantium was stimulated by aspartate, fumarate, and malate, the effects of these compounds on lactate uptake by whole cells was evaluated (Fig. 1) . Both aspartate and fumarate increased lactate uptake over 4-fold, while malate increased uptake over 10-fold. When all three compounds were added together, the stimulation in lactate uptake was approximately the same as that seen with malate. These data demonstrate that lactate uptake is stimulated in S. ruminantium HD4 by four-carbon dicarboxylic acid citric acid cycle intermediates and an alpha amino four-carbon dicarboxylic acid. The effects of Amaferm on the fermentation of a basal ration by mixed ruminal microorganisms was recently examined by using the rumen simulation technique (5). Amaferm treatment (0.25 g/liter) had no effect on the prefeeding pH but abolished the postfeeding decline in pH. This buffering capability may be associated with a decrease in lactate accumulation in rumen fluid. Based on these experiments, we initiated studies aimed at evaluating the effects of Amaferm on lactate uptake as well as growth on lactate by S. ruminantium. Amaferm stimulated lactate uptake at all concentrations tested, but the 10-glliter level increased uptake over 12-fold (Table 1) . When 50 g of Amaferm per liter was added, uptake was reduced but the specific activity was still over fourfold higher relative to control. Incubation of Amaferm in the absence of S. ruminantium resulted in uptake rates that were less than 2% of the control values.
A filter-sterilized filtrate of Amaferm was also used to determine its effects on lactate uptake by S. ruminantium (Table 2 ). Uptake was increased over sevenfold at all concentrations tested, and the highest level of filtrate tended to decrease uptake. In addition to stimulating lactate uptake, growth of S. ruminantium on lactate was enhanced over twofold by 2 or 5% Amaferm filtrate (data not shown).
To determine the effects of Amaferm on lactate fermentation, S. ruminantium was incubated in lactate medium supplemented with 2 or 5% Amaferm filtrate (Table 3) . Both levels of Amaferm increased the production of acetate, propionate, and total volatile fatty acids. These end products are consistent with the known fermentation products resulting from the metabolism of lactate by S. ruminantium (11, 22) . Since the increase in propionate production was greater than that of acetate, a decrease in the acetate:propionate ratio was observed. Recent research also showed that Amaferm treatment increased volatile fatty acid production and decreased the acetate:propionate ratio by mixed ruminal microorganisms (14) . Other researchers reported that Amaferm supplementation tended to increase the acetate:propionate ratio (5, 26 
